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[57] 



ABSTRACT 



A leak-detecting hydraulic system is disclosed for oper- 
ation of a fluid actuator associated with a front-end 
loader, a backhoe, or a like implement on a material 
handling device. Notably, the system includes a leak- 
detection circuit which normally acts to prevent move- 
ment of the implement associated with the actuator by 
gravity in the event of a failure in one of the hydraulic 
fluid lines operatively connected with the actuator. 
Additionally, the system preferably includes a selec- 
tively operable float valve which permits fluid flow 
which bypasses the leak-detection circuit, thus desir- 
ably permitting operation of the implement associated 
with the actuator in a "floating" mode, 

5 Claims, 7 Drawing Figures 
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the preferred form, the system comprises a hydraulic 

LEAK-DETECTING HYDRAULIC SYSTEM fluid actuator having leak-detection means mounted 

directly thereon to avoid the possibility of a peak devel- 

TECHNICAL FIELD oping between the actuator and the leak-detection 

The present invention relates generally to a hydraulic 5 means. 

system for operating hydraulically-powered imple- The present leak-detecting hydraulic system is 

ments on a material handling device or the like, and adapted to selectively operate a fluid actuator having 

more particularly to a hydraulic system for operating first and second opposing expansible chambers, such as 

such an implement which prevents movement of the a typical fluid actuator including a cooperating cylinder 

implement in response to the force of gravity in the 10 and piston moveable therein. The system includes a 

event of a leak in the hydraulic fluid supply lines. selectively operable, multi-position control valve 

BACKGROUND OF THE IMVFNTTON which ' by suitable operator manipulation, directs pres- 

BACKGROUND OF THE INVENTION surized hydrauHc fluid t0 a sdected one of the chambers 

The versatility of material handling devices is in part of the actuator while receiving fluid from the other of 

provided by their suitability for use under severe oper- 15 the chambers. The system further includes first fluid 

ating conditions. Accordingly, such equipment is ordi- passage means joining the first chamber of the actuator 

narily designed to be quite rugged for reliable and trou- with the control valve in fluid communication, and 

ble-free operation under the rigorous service conditions second fluid passage means for joining the second 
to which it is subjected. Components of such equipment . chamber of the actuator and the control valve in fluid 

are selected to resist failure even though vibration and 20 communication. 

shock loading can be high, and even though such equip- Notably, the second fluid passage means includes a 
ment is usually operated in and around dirt, mud, or leak-detection circuit. The leak-detection circuit corn- 
other debris which can be potentially damaging to the prises a one . W ay flow check valve and a pressure coun- 

equ l pment - ' * . • i v jv . i j n terbalanced valve arranged in parallel flow relation. 

Many types of material handling equipment include 25 ^ Qn flQw check vdve p reS surized 

hydraulicaliy operated imp ements for effecting mate- fiuid flow intQ the seCQnd ^ ch f ^ 

rial handling functions. A typical piece of equipment actuator whi]e ^ re P verse fiuid flow ^ 

includes a hydraulic fluid pump which supplies pressur- In £ counterbalanced valve is 

lzed hydraulic fluid to hydraulic actuators for selective „ A „ r\ . + , , J , , 

operation of a implements such as front-end loaders, 30 ad *P* d to th f place the multi-position control valve 
backhoes, and like articulable devices. As will be recog- and * e sec ? nd ° ham * er of a ^ a *> r > n fluid cog- 
nized, the nature of such equipment frequently makes it mcatl ° n ° n ly u when ^ cumulative fluid pressure in the 
necessary to route hydraulic fluids supply lines in rela- sec ° nd cha ? ber a? d *e fluid passage means ex- 
tively unprotected locations. Additionally, the articula- a Predetermined value. By this arrangement, the 

ble nature of the implements on such equipment fre- 35 leak-detection circuit is adapted to permit pressurized 
quently mandates the use of flexible fluid supply lines flmd n ° w from ^ contro1 valve t0 tbe second cham - 
such as hoses and the like. In view of the typically ber > and K further ada pted to prevent fluid flow from 
severe conditions to which such equipment is subjected, ^ second chamber unless the first fluid passage means 
and because of the high pressure of fluid carried by such is pressurized with fluid. The system is preferably oper- 
fluid supply lines, deterioration and failure of a supply 40 atively associated with the actuator such that expansion 
line can occur. While such an occurence usually results °. f * e second chamber of the actuator operates an asso- 
in no more than undesired downtime for the equipment ciated implement against the force of gravity. Thus, in 
for appropriate repair, there are instances where leak- tne event of a failure in one of the first and second fluid 
age of a fluid supply line can create greater problems. passage means, the leak-detection circuit prevents flow 
For example, the failure of a fluid supply line which is 45 of from tne second chamber of the actuator, thus 
supplying fluid to an actuator associated with an imple- preventing movement of the associated implement by 
ment working against the force of gravity (such as a gravity. 

loader bucket) could result in highly undesirable loss of In tne preferred form of the system, the system is 

control of the implement. adapted to permit "floating" or "return-to-dig" opera- 

Therefore, it is extremely desirable to provide a hy- 50 tion of the implement associated with the fluid actuator. 

draulic system for operating a fluid actuator wherein Floating refers to the function of an implement wherein 

the system is adapted to detect the occurances of leaks the implement is positioned responsively to unevenness 

therein, and respond in a manner which prevents unde- hi the ground or the like, without fluid pressurization of 

sired loss of control of the implement associated with its associated actuator. Similarly, return-to-dig opera- 

the actuator. 55 tion ordinarily refers to movement of an implement 

<?ttmm a * v of thp tmvpmtthm downwardly to a digging position from a raised position 

SUMMARY OF THE INVENTION by the force of gravitVj without fiuid prescription of 

The present invention comprises a leak-detecting the associated actuator. The present system permits 

hydraulic system for selectively operating a fluid actua- these similar manners of operation by including a pref- 

tor, wherein the fluid actuator is operati vely associated 60 erably solenoid-operated float valve joined in fluid 

with an implement such as a bucket or the like on a communication with the second fluid passage means of 

piece of material handling equipment. The system is the system. To permit selective operation in the floating 

particularly suited for use wherein the hydraulic actua- mode, the multi-position control valve of the system 

tor is adapted to operate an associated implement includes a selectable float position wherein the first and 

against the force of gravity, with the system functioning 65 second fluid passage means are joined to each other in 

to prevent movement of the implement by gravity in the fluid communication. Additionally, the control valve is 

event of failure of a hydralic fluid supply line which operatively connected with the solenoid-operated float 

supplies pressurized hydraulic fluid to the actuator. In valve so that upon movement of the control valve to its 
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float position, the solenoid-operated float valve is repo- 
sitioned so that fluid flow through the second fluid 
passage means bypasses the leak-detection circuit 
thereof, and flows through the float valve so as to join 
the first and second expansible chambers of the actuator 
in fluid communication with each other. . 

Numerous other advantages and features of the pres- 
ent invention will become readily apparent from the 
detailed description, the accompanying drawings, and 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a typical piece of 
material handling equipment including a hydraulic sys- 
tem embodying the present invention; 

FIG. 2 is a schematic view of the present leak-detect- 
ing hydraulic system; 

FIGS. 3 and 4 are diagramatic views illustrating nor- 
. mal operation of the present hydraulic system; 

FIG. 4A is a partial schematic view of the present 20 
system illustrating its function in the event of a failure of 
one of the pressurized fluid supply lines supplying fluid 
to the actuator of the system; 

FIG. 5 is a schematic view illustrating operation of 
the present hydraulic system to permit "floating" of an 25 
associated implement; and 

FIG. 6 is a schematic view of the present system 
illustrating its operation in the event of a failure in the 
other one of the hydraulic fluid supply lines which 
supplies pressurized fluid to the actuator of the system. 30 

DETAILED DESCRIPTION 

While the present invention is susceptible of embodi- 
ment in various forms, there is shown in the drawings 
and will hereinafter be described at presently preferred 35 
embodiment, with the understanding that the present 
disclosure is to be considered as an exemplification of 
the invention, and is not intended to limit the invention 
to the specific embodiment illustrated. 



the internal combustion engine of tractor 10. The sys- 
tem further includes a fluid reservoir 32 from which 
pump 30 draws fluid, and to which return fluid flows. 

The present hydraulic system includes a selectively 
operable, multi-position control valve 34. In the neutral 
position of control valve 34 shown in FIG. 2, no pres- 
surized fluid flow is directed to actuator 18 from pump 
30 via the valve, but rather flow from the pump returns 
to reservoir 32. In the positions of control valve 34 
respectively illustrated in FIGS. 3 and 4, the control 
valve 34 directs pressurized fluid flow to one of the 
expansible chambers 24 and 26 of actuator 18, while 
receiving fluid flow from the other of the chambers for 
return to reservoir 32. 

In a further position of control valve 34 (shown in 
FIG. 5) the first and second expansible chambers 24 and 
26 of fluid actuator 18 are joined in fluid communication 
with each other, thus permitting "floating" of front-end 
loader 14, as will be further described. 

With further reference to FIG. 2, the present hydrau- 
lic system includes a first fluid flow passage, generally 
designed 36, which joins first expansible chamber 24 of 
actuator 18 with control valve 34 in fluid communica- 
tion, with each other. Fluid passage 36 is joined to the 
expansible chamber 24 at fluid port 37. The present 
system further includes a second fluid passage, gener- 
ally designated 38, for joining second expansible cham- 
ber 26 in fluid communication with control valve 34. As 
shown, second fluid passage 38 communicates with 
second chamber 26 at flow port 39. 

Significantly, the second fluid passage 38 includes a 
leak-detection circuit. The leak-detection circuit com- 
prises a one-way flow check valve 40 and a pressure 
counterbalanced valve 42 arranged in parallel flow 
relation. Notably, counterbalanced valve 42 includes 
biasing means which act in opposition to a first fluid 
pressure-sensing line 46 which is operatively associated 
with first fluid passage 36, and a second fluid pressure- 
sensing line 48 which is operatively associated with the 
With reference first to FIG. 1, therein is illustrated a 40 second expansible chamber 26 via flow port 39. Thus, 



typical material handling device, shown as a tractor 10. 
For versatility of operation, tractor 10 has mounted 
thereon a hydraulically-operated backhoe 12, and a 
hydraulically-operated front-end loader 14. As will be 
recognized by those familiar with the art, raising and 45 
lowering of the bucket 16 of loader 14 is effected by a 
pair of extensible fluid actuators 18, sometimes referred 
to as fluid motors or rams. 

With reference to FIG. 2, therein is illustrated the 
leak-detecting hydraulic system embodying the princi- 
, pies of the present invention for operation of a fluid 
actuators 18. It will be noted that for operation of actua- 
tors such as 18 which act in concert with each other, the 
system comprises identical components operatively 
associated with each of the actuators. However, a sys- 
tem embodying the principles of the present invention is 
readily suited for operation of a single fluid actuator, or 
two or more actuators, and thus the system will be 
herein described with reference to only a single one of 
the actuators 18 and the components of the present 60 
system associated therewith. 

As shown in FIG. 2, each actuator 18 includes a 
cylinder 20 which cooperates with a piston 22 to thus 
define first and second expansible fluid chambers 24 and 
26. 

The present leak-detecting hydraulic system includes 
a suitable source of pressurized hydraulic fluid, typi- 
cally comprising a hydraulic fluid pump 30 operated by 
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the first and second pressure-sensing lines, 46 and 48 
respectively join, in pressure-sensing relation, the first 
flow passage 36 and the second expansible chamber 26 
with counterbalanced valve 42. 

For purposes of illustration, first and second fluid 
passage 36 and 38 have been illustrated as respectively 
including flexible conduit portions 49 and 50. Such an 
arrangement is not uncommon since actuators such as 
18 are subject to movement about their mountings dur- 
ing operation. 

While the components of the present system thus far 
described provide the desired leak-detecting operation, 
the present system preferably includes an arrangement 
whereby first and second expansible chambers 24 and 
26 are joined in fluid communication with each other to 
permit "floating" of the implement associated with 
actuator 18 such as front-end loader 14. To this end, 
multi-position control valve 34 can be manually posi- 
tioned in a "float" position, shown in FIG. 5, wherein 
first and second fluid passages 36 and 38 are joined in 
fluid communication with each other via the control 
valve. During operation in the floating mode; it is desir- 
able to bypass the leak-detection circuit of the system, 
and to this end the system includes a solenoid-operated 
float valve 52 joined in fluid communication with sec- 
ond fluid passage 38. The float valve 52 is disposed in 
parallel flow relation with flow check 40 and counter- 
balanced valve 42, and is operatively connected with 
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control valve 34 via a suitable electrical connection. 54 Fluid pressurization of first expansible chamber 24 is 

and a suitable microswitch or trigger 56. While float illustrated in FIG. 4. As illustrated in FIG. 4, control 

valve 52 is preferably electrically-operated, it will be valve 34 has been shifted to the other side of its neutral 

recognized that a valve such as 52 can be otherwise position so that pressurized fluid is directed from the . 

suitably positioned in response to control valve 34 mov- 5 control valve via first fluid passage 36 to expansible 

ing into and out of its float position. chamber 24. In order to accommodate return fluid flow 

Before describing operation of the present system it from second expansible chamber 26, counterbalanced 

will be noted that the leak-detection circuit of the sys- valve 42 is shifted to its open condition in response to 

tern and float valve 52 are preferably mounted inte- the fluid pressurization of first fluid passage 26 (which is 

grally on actuator 18, as indicated by the phantom box 10 sensed by pressure-sensing line 46) and to the fluid pres- 

shown in the drawings. It is contemplated that no pip- sure which exists in second chamber 26 (sensed by line 

ing, either solid or flexible, be interposed between the 48) attendant to pressurization of first chamber 24. 

leak-detection circuit and the expansible chambers 24 Thus, fluid flow from second chamber 26 to control 

and 26, thus obviating problems of leaks going unde- valve 34 is permitted via counterbalanced valve 42 for 

tected should they occur between the circuit and the 15 return to fluid reservoir 32. 

cylinder 20 of the actuator itself. Referring now to FIGS. 4A and 6, the leak-detecting 
Operation of the present hydraulic system will now nature of the present system will be described. FIG. 4A 
be described in detail. As noted, FIG. 2 illustrates con- illustrates a leak in first fluid passage 36 attendant to its 
trol valve 34 in its neutral position, wherein there is no fluid pressurization, such as by failure of flexible con- 
flow into or out of expansible chambers 24 and 26. With duit 49. Because of the lack of fluid pressurization of the 
reference to FIG. 3, control valve 34 is illustrated in one first fluid passage 36, the cumulative fluid pressure 
of its selectable positions wherein pressurized hydraulic within passage 36 and second chamber 26 is below the 
fluid flow is directed to second expansible chamber 26 predetermined value at which counterbalanced valve 
via second flow passage 38, with the control valve 34 42 opens, and the valve 42 remains in (or shifts to) its 
receiving flow from first expansible chamber. 24 via first closed condition, thereby preventing flow from second 
flow passage 36. The system is preferably arranged such expansible chamber 26. Thus, even if the force of grav- 
that operation of actuator 18 by fluid pressurization of ity is acting upon the implement associated with actua- 
second expansible chamber 26 operates the associated tor 18 to move the actuator from an extended condition, 
implement (i.e., loader 14 in the illustrated embodiment) 3Q the actuator remains fixed since no fluid flow from 
against the force of gravity. expansible chamber 26 is permitted. 

By comparison of FIGS. 3 and 2, it will be noted that FIG. 6 illustrates operation of the present system in 

fluid pressurization of second fluid passage 38 by con- the event of a failure in second fluid passage 38 atten- 

trol valve 34 opens flow check 40 to permit flow into dant to its fluid pressurization, such as by failure of 

chamber 26 via flow port 39. If desired, the system can 35 flexible conduit 50. In the event of such a failurei the 

be arranged such that additional pressurized fluid flow cumulative fluid pressure within first fluid passage 36 

from control valve 34 to chamber 26 is provided via a and second chamber 26 is below the predetermined 

check valve in float valve 52. During operation in this value at which counterbalanced valve 42 opens, and 

manner, return fluid flow from first expansible chamber thus the valve 42 remains closed to prevent fluid flow 

34 exits via flow port 37 to first fluid passage 36, and is 49 from second expansible chamber 26 of the actuator 18. 

returned to fluid reservoir 32 via control valve 34. FIG. 5 illustrates operation of the present hydraulic 

As further shown in FIG. 3, counterbalanced valve system in its preferably provided floating mode. As will 

42 remains in its closed condition attendant to fluid be noted, FIG. 5 illustrates control valve 34 in its float 

pressurization of second chamber 26 from control valve position, with trigger 56 thus operated to shift or reposi- 

34. This is because the counterbalanced valve is config- 45 tion solenoid-operated float valve 52 via electrical con- 

ured to remain closed unless the cumulative fluid pres- nection 54. In this position of control valve 34, first and 

sure in the second chamber 26 and the first fluid passage second fluid passages 36 and 38 are joined in fluid com- • 

36 exceeds a predetermined value: This predetermined munication with each other via the control valve. The 

value is selected to be greater than the maximum fluid repositioning of float valve 52 permits the flow of fluid 

pressure which exists within second chamber 26 atten- 50 in second fluid passage 38 to bypass the leak-detection 

dant to its fluid pressurization, or which exists within circuit including check valve 40 and counterbalanced 

the second chamber when the actuator 18 supports the valve 42. Despite the lack of fluid pressurization of the 

implement associated therewith (and any load on the first fluid passage 36, fluid flow from second chamber 

implement) against the force of gravity. For example, 26 is permitted in this mode of operation. Thus, first and 

the maximum pressure within second chamber 26 is 55 second expansible chamber 24 and 26 are joined in fluid 

ordinarily on the order of 2,000-2,500 pounds per communication with each other, thereby permitting 

square inch (p.s.i.). Accordingly, counterbalanced floating of the implement operatively associated with 

valve 42 is configured to open only when the cuxnula- the actuator 18. 

tive or total pressure within second chamber 26 and first From the foregoing, it will be observed that numer- 

fluid passage 36 (as sensed via lines 48 and 46) exceeds 60 ous modifications and variations can be effected with- 

a relatively greater value, such as 3,000 p.s.i. Since out departing from the true spirit and scope of the novel 

operation of the system as shown in FIG. 3 joins first concept of the present invention. It will be understood 

fluid passage 36 with the system's fluid reservoir 32 via that no limitation with respect to the specific embodi- 

control valve 34, the pressure in the first passage is ment illustrated herein is intended or should be inferred, 

relatively low. Thus the cumulative pressure sensed by 65 It is, of course, intended to cover by the appended 

pressure-sensing lines 46 and 48 is less than the predeter- claims all such modifications as fall within the scope of 

mined value at which counterbalanced valve 42 is con- the claims, 

figured to open. What is claimed is: 
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1. A leak-detecting hydraulic system for selectively 
operating a fluid actuator having first and second op- 
posing expansible chambers, comprising: 

selectively operable, multi-position control . valve 
means for directing pressurized hydraulic fluid to a 5 
selected one of said chambers while receiving fluid 
from the other of said chambers; 

first fluid passage means joining said first chamber 
and said control valve means in fluid communica- 
tion; and 10 

second fluid passage means for joining said second 
chamber and said control valve means in fluid com- 
munication, said second passage means including 
leak-detection circuit means comprising one-way ^ 
valve means for permitting pressurized fluid flow 
into said second chamber while preventing reverse 
fluid flow through said one-way valve means, and 
counterbalanced valve means arranged in parallel 
flow relation with said one-way valve means, first 20 
and second pressure-sensing lines respectively join- 
. ing, in pressure-sensing relation said first fluid pas- 
sage means and said second expansible chamber 
with said counterbalanced valve means, said coun- 
terbalanced valve means including biasing means 25 
acting in opposition to said first and second pres- 
sure-sensing lines, whereby said . leak-detection 
circuit means being adapted to permit pressurized 
fluid flow from said valve means to said second 
chamber via said circuit means, and being further 30 
adapted to prevent fluid flow from said second 
chamber via said circuit means unless said first fluid 
passage means is pressurized with fluid. 

2. A hydraulic system in accordance with claim 1, 
wherein 33 

said control valve means includes a selectable float 
position wherein said first and second fluid passage 
means are joined to each other in fluid communica- 
tion, 

said system including float valve means joined in fluid 
communication with said second fluid passage 
means, said float valve means being operativeiy 
connected with said control valve means whereby 
when said control valve means is in said float posi- 45 
tion, fluid flow through said second passage means 
bypasses said leak-detection circuit means and 
flows through said float valve means to join said 
first and second chambers in communication with 
each other. 50 

3. A hydraulic system in accordance with claim 2, 
wherein 



40 



said float valve means comprises a solenoid-operated 
valve, said system including electrical means oper- 
ativeiy connecting said solenoid-operated valve 
and said control valve means. 

4. A fluid actuator having leak-detection means, com- 
prising: 

cooperating cylinder means and piston means defin- 
ing opposing first and second expansible chambers; 

first fluid flow passage means in fluid communication, 
with said first chamber for directing pressurized 
fluid to said first chamber and for receiving fluid 

. therefrom; 

second fluid flow passage means in fluid communica- 
tion with said second chamber for directing pres- 
surized fluid to said second chamber and for receiv- 
ing fluid therefrom, 

said second passage means including leak-detection 
circuit means operativeiy associated with said first 
passage means, 

said leak-detection circuit means comprising a one- 
way flow check valve for permitting pressurized 
fluid flow into said second chamber and preventing 
reverse fluid flow through check valve, and coun- 
terbalanced valve means disposed in parallel flow 
relation with said check valve, said counterbal- 
anced valve means being operativeiy connected, in 

. pressure-sensing relation, with said first passage 
means and . second second chamber through first 
and second pressure-sensing lines, respectively, 
said counterbalanced valve means including bias- 
ing means acting in opposition to said first and 
second pressure-sensing lines whereby fluid pres- 
surization of said first passage means operates to 
position said counterbalanced valve means in an 
open condition to permit fluid flow from said sec- 
ond chamber through said counterbalanced valve 
means, and 

said circuit means permits pressurized fluid flow into 
said second chamber via said circuit means, and is 
further adapted to permit fluid flow from said sec- 
ond chamber through said circuit means only when 
the cumulative fluid pressure in said second cham- 
ber and first passage means exceeds a predeter- 
mined value. 

5. A fluid actuator in accordance with claim 4, in- 
cluding 

float valve means joined in fluid communication with 
said second passage means, said float valve means 
being selectively operable to permit fluid flow to 
and from said second chamber which bypasses said 
leak-detection circuit means. 
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